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PIPE FORMABiLITY EVALUATION FOR 
EXPANDABLE TUBULARS 

Cross Reference To Related Applications 
[001] The present appfication Is the National Stage patent application for PCT patent application 
serial number PCTAJS2003/025667. attorney dodcet number 25791.118.02. filed on 8/18/2003, 
which claimed the benefit of the filing dates of (1) U.S. provisional patent application serial no. 
60/412,653. attorney doclcet no 25791.118. filed on 9/20/2002. the disclosures of which are 
incorporated herein by reference. 

[002] The present application is related to the following: (1) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial 
no. 09/510.91 3. attorney docket no. 25791 .7.02, filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502.350. attorney docket no. 25791 .8.02. filed on 2/1 0/2000. (4) U.S. patent no. 6.328, 1 1 3. 
(5) U.S. patent application serial no. 09/523.460, attomey docket no. 25791.11.02, filed on 
3/10/2000. (6) U.S. patent applicatton serial no. 09/512.895, attomey docket no. 25791.12.02. filed 
on 2/24/2000, (7) U.S. patent application serial no. 09/51 1 ,941 , attomey docket no. 25791 .16.02, 
filed on 2/24/2000. (8) U.S. patent applkation serial no. 09/588.946. attomey docket no. 
25791 .17.02, filed on 6/7/2000. (9) U.S. patent application serial no. 09/559.122. attomey docket no. 
25791 .23.02, filed on 4/26/2000. (10) PCT patent application serial no. PCT/USOO/18635. attomey 
docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. provlstonal patent applicatton serial no. 
60/162.671. attomey docket no. 25791.27, filed on 11/1/1999. (12) U.S. provisional patent 
application serial no. 60/154.047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. 
provisional patent application serial no. 60/159,082, attomey docket no. 25791.34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039. attomey docket no. 
25791.36, filed on 1W12/1999. (15) U.S. provisional patent applicatton serial no. 60/159.033. 
attomey docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent apptkstlon serial no. 
60/212.359, attomey docket no. 25791.38. filed on 6/19/2000, (17) U.S. provisional patent 
application serial no. 60/165.228. attomey docket no. 25791.39. fHed on 11/12/1999. (18) U.S. 
provisional patent appncatk)n serial no. 60/221.443. attomey docket no. 25791.45. filed on 
7/28/2000. (19) U.S. provisional patent application serial no. 60/221.645. attomey docket no. 
25791 .46, filed on 7/28/2000, (20) U.S. provisk)nal patent appOcatkm serial no. 60/233.638. attorney 
docket no. 25791.47. filed on 9/18/2000, (21) U.S. provisional patent application serial no. 
60/237.334, attomey docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent 
application serial no. 60/270,007, attomey docket no. 25791.50, filed on 2/20/2001, (23) U.S. 
provisional patent applicatkMi serial no. 60/262,434, attomey docket no. 25791.51. filed on 
1/17/2001. (24) U.S. provisional patent application serial no. 60/259.486, attomey docket no. 
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25791.52. filed on 1/3/2001 , (25) U.S. provisional patent application serial no. 60/303,740, attorney 
docket no. 25791.61. filed on 7/6/2001, (26) U.S. provisional patent application serial no. 
60/313.453. attorney docket no. 25791.59. filed on 8/20/2001. (27) U.S. provistonal patent 
application serial no. 60/317,985, attorney docket no. 25791.67, filed on 9/6/2001, (28) U.S. 
provisional patent appiicatfon serial no. 60/3318,386, attorney docket no. 25791.67.02, filed on 
9/10/20)1 , (29) U.S. utilily patent application serial no. 09/969,922, attorney docket no. 25791 .69, 
filed on 10/3/2001, (30) U.S. utility patent application serial no. 10/016,467. attorney docket no. 
25791.70, filed on 12/10/2001. (31) U.S. provisional patent application serial no. 60/343,674, 
attorney docket no. 25791 .68, filed on 12/27/2001 . (32) U.S. provistonal patent appfication serial no. 
60/346.309, attorney docket no 25791 .92, filed on 1/7/2002. (33) U.S. provisional patent application 
serial no. 60/372.048, attorney docket no. 25791. 93, filed on 4/1 2/2002. (34) U.S. provistonal patent 
application serial no. 60/380.147. attorney docket no. 25791.104. filed on 5/6/2002, (35) U.S. 
provisional patent application serial no. 60/387,486. attorney docket no. 25791.107, filed on 
6/10/2002. (36) U.S. provisional patent application serial no. 60/387,961. attorney docket no. 
25791.108. filed on 6/12/2002. (37) U.S. provisk>nal patent application serial no. 60/394.703. 
attorney docket no. 25791 .90. filed on 6/26/2002, (38) U.S. provistonal patent appDcatton serial no. 
60/397.284, attorney docket no. 25791.106, filed on 7/19/2002. (39) U.S. provistona! patent 
applfcation serial no. 60/398,061, attorney docket no. 25791.110, filed on 7/24/2002, (40) U.S. 
provisional patent application serial no, 60/405.610, attorney docket no. 25791.119, filed on 
B/23/2002. (41) U.S. provisional patent application serial no. 60/405.394, attorney docket no. 
25791.120. filed on 8/23/2002, (42) U.S. provisional patent application serial no. 60/412.642, 
attorney docket no. 25791 .102, filed on 9/20/2002, (43) U.S. provistonal patent appOcatton serial no. 
60/412,487, attorney docket no. 25791.112, filed on 9/20/2002. (44) U.S. provistonal patent 
application serial no. 60/412.488, attorney docket no. 25791.114. filed on 9/20/2002, (45) U.S. 
provisional patent application serial no. 60/412.177, attorney docket no. 25791.117, filed on 
9/20/2002. (46) U.S. provistonal patent applicatton serial no. 60/412,653, attorney docket no. 
25791.118, filed on 9/20/2002. (47) U.S. provistonal patent application serial no. 60/412,544, 
attorney docket no. 25791.121, filed on 9/20/2002, (48) U.S. provisional patent appBcatton serial no. 
60/412.196. attorney docket no. 25791.127. fited on 9/20/2002, (49) U.S. provistonal patent 
applicatton serial no. 60/412.187. attorney docket no. 25791.128. filed on 9/20/2002, and (50) U.S. 
provisional patent application serial no. 60/412,371. attorney docket no. 25791.129. filed on 
9/20/2002. ttie disclosures of wtilch are incorporated herein by reference. 
[003] The present application is related to each of the following: (1 ) U.S. utility patent application 
serial number , attonney docket number 25791 .121 . . filed on ; and (2) U.S. 
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utility patent application serial number , attorney docket number 25791 ,1 29. , filed on 



Background of the Invention 
[004] The present invention relates generally to tubular steel well casing and more particutarty to 
an expansion mandrel wtiich reduces stress during expansion of the casing. 
[005] Solid tubular casing of substantial length is used as a borehole liner in downhole drilling. 
The casing is comprised of end-to-end interconnected segments of steel tubing to protect against 
possible collapse of the borehole and to optimize well flow. The tubing often reaches substantial 
depths and endures substantial pressures. 

[006] It is present practice to expand the steel tubing downhole by using a mandrel. This Is a oold- 
working process which presents sut>stantial mechanical challenges. This technology is known as 
solid expandable tubular (SET) technology. This cold-working process deforms the steel without 
any additional heat beyond what is present In the downhole environment. 
[007] It is present practice to expand the steel tubing downhole by using a mandrel. This is a cold- 
woridng process which presents substantial mechanical challerKfos. This technology is known as 
soKd expandable tubular (SET) technok)gy. This cold-working process defomis the steel without 
any additional heat beyond what is present in the downhole environment 
[008] An expansion cone, or mandrel, is used to penmanently mechanically deform the pipe. The 
cone is moved through the tubing by a differential hydraulic pressure across the cone Itself, and/or 
by a direct mechanical pull or push force. The differential pressure Is pumped through an inner- 
string connected to the cone, and the mechanical force Is applied by either raising or bwering the 
inner string. 

[009] Progress of the cone through the tubing deforms the steel beyond its elastic limit into the 
plastic region, while keeping stresses below ultimate yieM. Expansions greater than 20%, based on 
pipe ID, have been accomplished. However, most applications using 41/4-133/8 inch tubing have 
required expansions less than 20%. The ID of the pipe expands to the same ID of the expansion 
mandrel, which is a function of expansbn mandrel OD. Contact between cylindrical mandrel and 
pipe ID during expansion leads to significant forces due to frictbn. It would be beneficial to provkle 
method for testing tubular members for suitabirrty for the expansion process. It would also be 
beneficial to provkle a method for selecting tubing or tubular members well suited for expanston. 

Summary Of The Invention 
[0010] According to one aspect of the present invention, a method of testing a tubular member for 
suitab9lty for expansion is provided using an expandability ooefRcient detennined pursuant to a 
stress-strain test of a tubular member using axial loading. 
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100111 According to another aspect of the present invention, a tubular mennber is selected for 
suitability for expansion on a basis comprising use of an expandability coefficient determined 
pursuant to a stress-strain test of a tubular member using axial loading. 
[0012] According to another aspect of the present invention, a method of testing a tubular member 
for suitability for expansion is provided using an expandability coefficient determined pursuant to a 
stress-strain test using axial loading comprising calculation of plastic strain ratio for obtaining the 
expansion coefficient pursuant to test results and using the fonmula: 



. LJ)y Equation 1 

O O 



where, 

f - expandability coefficient 
bo & bk - initial and final tube area (inch^2) 
Lo & Lk - initial and final tube length (inch) 
b = (0^2-d^2)/4 - cross section tube area. 

[00131 According to another aspect of the present Invention, a tubular member is selected for 
suitability for expansion on a basis comprising use of an expandability coefficient detennined 
pursuant to a stress-strain test using axial loading comprising calculation of plastic strain ratio for 
obtaining the expansion coefficient pursuant to test results and using the fomiula: 

InA 

, LA Equation 1 

'"-^ 

where, 

/* expandabilify coefficient 
bo & bk - initial and final tube area Qndt^2) 
Lo & 1-k - Initial and final tube length (Inch) 
b = (D^2-d^2)/4 - cross sectkjn lube area. 

[0014] According to another aspect of the present invention, a tubular member is selected for 
suitability for expansion on a basis comprising use of an expandability coefficient determined 
pursuant to a stress-strain test using axial k>ading and one or more physical properties of the tubular 
member selected from stress-strain properties in one or more directional orientations of the material. 
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Charpy V-notch impact value in one or more directional orientations of the material, stress aipture 
burst strength, stress rupture collapse strength, strain-hardening exponent(n-value), hardness and 
yield strength. 

100151 According to another aspect of the present invention, a method for manufacturing an 
expandable member used to complete a structure by radially expanding and plastically defomdng the 
expandable member is provided that includes forming the expandable member from a steel alloy 
comprising a charpy energy of at least about 90 ft-lbs. 

[001] According to another aspect of the present invention, an expandable member for use in 
completing a structure by radially expanding and plastically defomning the expandable member 
is provided that includes a steel alloy comprising a charpy energy of at least about 90 ft-lbs. 
[002] According to another aspect of the present Invention, a structural completion positioned 
within a stmcture is provided that includes one or more radially expanded and plastically 
deformed expandable members positioned within the structure; wherein one or more of the 
radially expanded and plastically defomied expandable members are fabricated from a steel 
alloy comprising a charpy energy of at least about 90 ft-lbs. 

{003] According to another aspect of the present invention, a method for manufacturing an 
expandable member used to complete a structure by radially expanding and plastlcatly 
deforming the expandable member is provided that includes fomiing the expandable member 
from a steel alloy comprising a weight percentage of carbon of less than about 0.08%. 
[004] According to another aspect of the present invention, an expandable member for use in 
completing a wellbore by radially expanding and plastically defonming the expandable number at 
a downhole location in the wellbore is provided that Includes a steel alloy comprising a weight 
percentage of carbon of less than about 0.08%. 

[005] According to another aspect of the present Invention, a stmctural completion is provided 
that includes one or more radially expanded and plastically defomned expandable members 
positioned within the wellbore; wherein one or more of the radially expanded and plastically 
defomied expandable members are fabricated from a steel alloy comprising a weight 
percentage of carbon of less than about 0.08%. 

[OOq According to another aspect of the present Invention, a method for manufacturing an 
expandable member used to complete a stmcture by radially expanding and plastically 
defonming the expandable member Is provided that Includes forming the expandable member 
from a steel alloy comprising a weight percentage of carbon of less than about 0.20% and a 
charpy V-notch impact toughness of at least about 8 joules. 

[007] According to another aspect of the present Invention, an expandable member for use In 
completing a structure by radially expanding and plastically deforming the expandable member 
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is providecl that includes a steel alloy comprising a weight percentage of carbon of less than 
about 0.20% and a charpy V-notch impact toughness of at least about 6 joules. 
[008] According to another aspect of the present invention, a structural completion Is provided 
that includes one or more radially expanded and plastically defomrted expandable members; 
wherein one or more of the radially expanded and plastically deformed expandable members are 
fabricated from a steel alloy comprising a weight percentage of carbon of less than about 0.20% 
and a charpy V-notch Impact toughness of at least about 6 joules. 
1009] According to another aspect of the present invention, a method for manufacturing an 
expandable member used to complete a stmcture by radially expanding and plastically 
deforming the expandable member is prowded that includes fomiing the expandable member 
from a steel alloy comprising the following ranges of weight percentages: C, from about 0.002 to 
about 0.08; SI, from alwut 0.009 to about 0.30; Mn. from about 0.10 to about 1.92; P, from about 
0.004 to about 0.07; S. from about 0.0008 to about 0.006; Al. up to about 0.04; N, up to about 
0.01; Cu. up to about 0.3; Cr, up to about 0.5; Ni, up to about 18; Nb. up to about 0.12; Tl, up to 
about 0.6; Co. up to about 9; and Mo, up to about 5. 

IPOIO] According to another aspect of the present invention, an expandable member for use in 
completing a structure by radially expanding and plastically deforming the expandable member 
is provided that includes a steel alloy comprising the foliowing ranges of weight percentages: C, 
from about 0.002 to about 0.08; Si. from about 0.009 to about 0.30; Mn. from about 0.10 to about 
1.92; P. from about 0.004 to about 0.07; S. from about 0.0008 to about 0.006; Al. up to about 
0.04; N. up to about 0.01; Cu, up to about 0.3; Cr, up to about 0.5; Nl. up to about 18; Nb. up to 
about 0.12; Ti. up to about 0.6; Co, up to about 9; and Mo, up to about 5. 
[00111 According to another aspect of the present Invention, a stniclural completion is provided 
that Includes one or more radially expanded and plasticaliy deformed expandable members; 
wherein one or more of the radially expanded and plastically defomfied expandable members are 
fabricated from a st^l altoy comprising the following ranges of weight percentages: C, from 
about 0.002 to about 0.08; Si. from about 0.009 to about 0.30; Mn. from about 0.10 to about 
1.92; P, from about 0.004 to about 0.07; S, from about 0.0008 to about 0.006; Al, up to about 
0.04; N. up to about 0.01; Cu, up to about 0.3; Cr, up to about 0.5; Nl. up to about 16; Nb, up to 
about 0. 1 2; Ti, up to about 0.6; Co, up to about 9; and Mo, up to about 6. 
[00121 According to another aspect of the present invention, a method for msuiufacturing an 
expandable tubular member used to complete a structure by radially expanding and plastically 
deforming the expandable member Is provided that Includes fomrting the expandable tubular 
member with a ratio of the of an outside diameter of the expandable tubular member to a wall 
thickness of the expandable tubular member ranging from about 12 to 22. 
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[0013] According to another aspect of the present invention, an expandable member for use in 
completing a structure by radially expanding and plastically defomiing the expandable member 
Is provided that Includes an expandable tubular member with a ratio of the of an outside 
diameter of the expandable tubular member to a waU thickness of the expandable tubular 
member ranging from about 12 to 22. 

[0014] According to another aspect of the present invention, a structural completion is provided 
that includes one or more radially expanded and plastically deformed expandable members 
positioned within the structure; wherein one or more of the radially expanded and plastically 
defomfied expandable nriembers are fabricated from an expandable tubular member with a ratio 
of the of an outside diameter of the expandable tubular member to a wall thickness of the 
expandable tubular nnember ranging from about 12 to 22. 

[0015] According to another aspect of the present Invention, a method of constructing a 
stmcture is provided that includes radially expanding and plastically deforming an expandable 
member, wherein an outer portton of the wall thickness of the radially expanded and plastically 
defonfned expandable member comprises tensile residual stresses. 

[OOiq According to another aspect of the present inventton, a stmctural completion is provided 
that includes one or more radially expanded and plastk:ally deformed expandable members; 
wherein an outer portion of the wall thickness of one or more of the radially expanded and 
plastically defomned expandable members comprises tensile residual stresses. 
[0017] According to another aspect of the present invention, a method of constojctlng a 
stmcture using an expandable tubular member Is provided that includes strain aging the 
expandable member, and then radially expanding and plastically defomrting the expandable 
member. 

[0018] According to another aspect of the present invention, a mettiod for manufacturing a 

tubular member used to complete a wellbore by radially expanding the tubular member at a 

downhde tocation in the wellbore comprising: fomfiing a steel alloy comprising a concentration of 

caft)on between approximately 0.002% and 0.08% by weight of the steel alloy. 

Brief Description of the Drawings 

COOiej Rg. 1 depicts in a schematic fragmentary cross-secttonal view along a plane along and 

through the central axis of a tubular member that is tested to failure with axial opposed forces. 

BK)171 F^. 2isastress-straln curve representing valuesforstress and stralnthatmayte 
solkl specimen sample. 

[00181 Fig. 3. is a schematically depletion of a stress strain curve representing values from a test 
on a tubular member according to an Illustrative example of one aspect of the invention. 
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Detailed Description of the Illustrative Embodiments 
[00191 One of the problems of the pipe material selection for expandable tubular application is an 
apparent contradiction or Inconsistency between strength and elongation. To increase burst and 
collapse strength, material with higher yield strength is used. The higher yield strength generaDy 
corresponds to a decrease in the fracture toughness and cwrespondingly limits the extent of 
achievable expansion. 

[00201 It Is desirable to select the steel material for the tubing by balancing steel strength with 
amount absorbed energy measure by Charpy testing. Generally these tests are done on samples 
cut from tubular men^rs. It has been found to be beneficial to cut directional seniles both 
longitudinally oriented (aligned with the axis) and drcumferentially oriented (generally perpendicular 
to the axis). This nnethod of selecting samples is beneficial when both directional orientations are 
used yet does not completely evaluate possible and characteristic anisotropy throughout a tubular 
member. Moreover, for snrail diameter tubing samples representative of the circumferential 
direction may be difficult and sometimes impossible to obtain because of the significant curvature of 
the tubing. 

[00211 To further fodlitate evaluation of a tubular member for suitability for expansion it has been 
found beneficial according to one aspect of the invention to consider the plastic strain ratio. One 
such ratio is called a Lanlcford value (or r-value) which is the ratio of the strains occunlng In the 
width and thickness directions measured in a single tension test The plasfic strain ratio (r or 
Lankford - value) with a value of greater than 1 .0 is found to be more resistant to thinning and better 
suited to tubular expansion. Such a lankford value is found to be a measure of plastic anisotropy. 
The Lankford value (r) may be calculate by the Equation 2 below: 



1^ Equation 2 

'A 

where, 

r- normal anisotropy coefficient 
bo & bk - initial and final wklth 
Lo & Lk - initial and final length 

[00221 However, it is time consuming and labor Intensive for this parameter to be measured using 
samples cut from real parts such as from the tubular members. The tubular members will have 
anisotropic characteristics due to crystallographic or "grain * orientatfon and mechanically induced 
differences such as impurities, inclusions, and voids, requiring multiple samples for reliably complete 
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information. I^oreover, with individual samples, only local characteristics are detem^ined and the 
complete anisotropy of the tubular memt)er may not be detemrtinabte. Further some of the tubular 
mennbers have smalt diameters so that cutting samples oriented in a circumferential direction is not 
always possible. InfomnaUon regarding the characteristics in the circumferential direction has been 
found to be hnportant because the plastic defomiation during expansion of the tubular members 
occurs to a very large extent in the circumferential direction, 

100231 One aspect of the present invention comprises the development of a solution for anisotropy 
evaluation, including a land of plastic strain ratio similar to the Lankford parameterthat is measured 
using real tubular members subjected to axial loading. 

[0024] Fig. 1 depicts In a schematic fragmentary cross-sectional view along a plane along and 
through the axis 1 2 of a tubular member 10 that is tested with axial opposed forces 14 and 15. The 
tubular member 10 Is axially stretched beyond the elastic limit, tiirough yielding and to ultimate yield 
or fracture. Measurements of the force and the OD and ID during the process produce test data that 
can be used In the formula below to produce an expandability coefficient Vas set forth In Equation 
1 above. Alternatively a coefficient called a fbnnabnity anisotropy coefficient Ffrj that is function of 
the normal anisotropy Lankford coefficient rmay be detennined as in Equation 3 below: 



F(r)^ 



1^ L,pi( Equation 3 

F(r) - formability anisotropy coefficient 
bo & bk - initial and final tube area (inch'^2) 
Lo & Lk - initial and final tube length Onch) 
b = (DA2-d^2)/4* cross section tube area. 

[0025] In either circumstance for F(r) the use of this testing method for an entire tububr member 
provides useful information including anisotropic characteristics or anisotropy of the tubular member 
for selecting or producing beneficial tubular merrt)ers for down hole expansion, similar to the use of 
the Lankford value for a sheet material. 

[0026] Just as values for stress and strain may be plotted for solid specimen samples, as 
schematically depicted in Rg 2, the values for conducting a test on ttie tubular member may also be 
plotted, as depicted In Fig 3. On this basis the expansion coefficient f (orthe formability coefficient 
F(r)) may be detennined. It will be the best to measure distribution (TensHe-etongation) in 

longitudinal and circumferential directions simultaneously. 

[0027] The foregoing expandability coefficient (or formability coefficient) is found to be useful in 
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predicting good expansion results and may be further useful when used in combination with one or 
more other properties of a tubular member selected from stress-strain properties in one or more 
directional orientations of the material, strength & elongation, Charpy V-notch impact value in one or 
more directional orientations of the material, stress burst rupture, stress coliapse rupture, yIeW 
strength, ductility, toughness, and strain-hardening exponent (n - value), and hardness. 
[0019] In an exemplary embodiment, a tribological system Is used to reduce friction and thereby 
minimize the expansion forces required during the radial expansion and plastic defonmation of 
the tubular members that includes one or more of the following: (1) a tubular tribology system; 
(2) a drilling mud tribology system; (3) a lubrication tnl)ology system; and (4) an expansion 
device tribology system. 

[0020] In an exemplary embodiment, the tubular tribology system includes the application of 
coatings of lubricant to the Interior surface of the tubular members. 

[0021 J In an exemplary embodiment, the drilling mud tribology system includes the addition of 
lubricating additives to the drilling mud. 

[00221 In an exemplary embodiment, the lubrication tribology system Includes the use of 
lubricating greases, self-lubricating expansion devices, automated injection/delivety of 
lubricating greases into the interface between an expansion device and the tubular members, 
surfaces within the interface between the expansion device and the expandable tubular member 
that are self-lubricating, surfaces within the interface between the expansion device and the 
expandable tubular member that are textured, self-lubricating surfaces within the interface 
between the expansion device and the expandable tubular member that include diamond and/or 
ceramic inserts, thermosprayed coatings, fluoropolymer coatings, PVD films, and/or CVD tnms. 
[0023] In an exemplary embodiment, the tubular members include one or more of the following 
characteristics: high burst and collapse, the ability to be radially expanded more than about 40%, 
high fracture toughness, defect tolerance, strain recovery @ 150 F, good bending fatigue, 
optimal residual stresses, and corrosion resistance to H2S in order to provide optimal 
characteristics during and after radial expansion and plastic deformation. 
[0024] In an exennplary embodiment, the tubular members are fabricated from a steel alloy 
having a charpy energy of at teast about 90 ft-lbs in order to provided enhanced characteristics 
during and after radial expansion and plastic deformation of the expandable tubular member. 
[0025] In an exemplary embodiment, the tubular members are fabricated from a steel alloy 
having a weight percentage of carbon of less than about 0.08% In order to provide enhanced 
characteristics during and after radial expansion and plastic deformation of the tubular members. 
[0026] In an exenplary embodiment, the tubular members are tebricated from a steel alloy 
having reduced sulfur content in order to minimize hydrogen induced cracking. 
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100271 In an exemplary embodiment, the tubular members are fabricated from a steel alloy 
having a weight percentage of carbon of less than about 0.20 % and a charpy-Vniotch impact 
toughness of at least about 6 joules in order to provide enhanced characteristics during and after 
radial expanston and plastic deformation of the tubular members. 
[0028] In an exemplary embodiment, the tubular members are fabricated from a steel alloy 
having a low weight percentage of carbon in order to enhance toughness, ductility, weldablltty, 
shelf energy, and hydrogen induced cracking resistance. 

[0029] In several exemplary embodiments, the tubular members are fabricated from a steel alloy 
having the following percentage compositions in order to provide enhanced characteristics 
during and after radial expansion and plastic defomiation of the tubular members: 





C 


Si 


Mn 


P 


s 


Al 


N 


Cu 


Or 




Nb 


Tl 


Co 


Mo 


EXAMPLE 
A 


0.030 


0.22 


1.74 


0.005 


0.0005 


0.028 


0J0O37 


0.30 


02Q 


0.15 


0.095 


0.014 


0.0034 




EXAMPLE 
BMJN 


0.020 


023 


1.70 


0.004 


0.0005 


0.026 


0.0030 


0.27 


0.26 


0.16 


0.096 


0.012 


0.0021 




EXAMPLE 
BMAX 


0.032 


0.26 


1.92 


0.009 


0.0010 


0.035 


0.0047 


0.32 


0.29 


0.18 


0.120 


0.016 


0.0050 




EXAMPLE 
C 


0.028 


0.24 


1.77 


0.007 


0.0008 


0.030 


0.0035 


0.29 


0.27 


0.17 


0.101 


0.014 


0.0028 


0.00 
20 


EXAMPLE 
D 


0.08 


0.30 


0.5 


0.07 


0.005 




0.010 


0.10 


0.50 


0.10 










EXAMPLE 
E 


0.002 
B 


0.00 
9 


0.17 


0.011 


0.006 


0.027 


0.0029 




0.029 


0.014 


0.035 


0.007 






EXAMPLE 
F 


003 


0.1 


0.1 


0.015 


0.005 










18.0 




0.6 


9 


5 


EXAMPLE 
G 


0.002 


0.01 


0.15 


0.07 


0.005 


0.04 


0.0025 








0.016 


0.010 







[0030] In an exemplary embodiment, the ratio of the outside diameter D of the tubular members 
to the wall thickness t of the tubular members range from about 1 2 to 22 in order to enhance the 
collapse strength of the radially expanded and plastically deformed tubular members. 
[0031] In an exemplary embodiment, the outer portion of the wall thickness of the radially 
expanded and plastically defomried tubular members Includes tensile reskJual stresses in order 
to enhance the collapse strength foltowing radial expansion and plastic defomnatfon. 
[0032] In several exemplary experimental embodiments, redudng residual stresses in samples 
of the tubular members prior to radial expansion and plastic defomnation Increased (he collapse 
strength of the radially expanded and plastically defonmed tubular members. 
[0033] In several exemplary experimental embodiments, the collapse strength of radially 
expanded and plasttoally deformed samples of the tubulars were detennined on an as-receh/ed 
basis, after strain aging at 250 F for 5 hours to reduce reskJual stresses, and after strain aging at 
350 F for 14 days to reduce residual stresses as follows: 
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Tubular Sample 


Collapse Strength After 10% Radial Expansion 


Tubular Sanrple 1 - as received from 
manu^cturer 


4000 psi 


Tubular Sample 1 - strain aged at 250 F for 5 
hours to reduce residual stresses 


4800 pst 


Tubular Sample 1 - strain aged at 350 F for 14 
days to reduce residual stresses 


5000 psi 



[00341 As Indicated by the above table, reducing residual stresses In the tubular members, prior 
to radial expansion and plastic defomnation. significantly Increased the resulting collapse 
strength - post expansion. 

10035] A method for manufacturing an expandable member used to complete a structure by 
radially expanding and plastically defonming the expandable member has been described that 
Includes forming the expandable member from a steel alloy comprising a charpy energy of at 
least about 90 ft-ibs. 

[0036] An expandable member for use in completing a staicture by radially expanding and 
plastically defomning the expandable member has been described that includes a steel alloy 
comprising a charpy energy of at least about 90 ft-lbs. 

100371 A stnjctural completion positioned within a structure has been described that includes 
one or more radially expanded and plastically deformed expandable members positioned within 
the stojcture; wherein one or more of the radially expanded and plastically defomied expandable 
members are fabricated from a steel alloy comprising a charpy energy of at least about 90 fl-lbs. 
[00381 A method for manufacturing an expandable member used to complete a structure by 
radially expanding and plastically defonning the expandable member has been described that 
Includes forming the expandable member from a steel alloy comprising a weight percentage of 
cart)on of less than about 0.08%. 

[00391 An expandable men^r for use in completing a weflbore by radially expanding and 
plastically defonning the expandable member at a downhole location In the wellbore has been 
described that includes a steel alloy comprising a weight percentage of carbon of less than 
about 0.08%. 

[0040] A structural completion has been described that includes one or more radially expanded 
and plastically defomned expandable members positioned within the wellbore; wherein one or 
more of the radially expanded and plastically defomned expandable members are fabricated 
from a steel alloy comprising a weight percentage of carbon of less than about 0.08%. 
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[00411 A method for manufacturing an expandable member used to complete a structure by 
radially expanding and plasticafty defomning the expandable member has been described that 
Includes forming the expandable member from a steel alloy comprising a weight percentage of 
cartx)n of less than about 0.20% and a charpy V-notch impact toughness of at least about 6 
joules. 

[0042] An expandable member for use in completing a structure by radially expanding and 
plastically defomiing the expandable member has been described that Includes a steel alloy 
comprising a weight percentage of carbon of less than about 0.20% and a charpy V-notch 
impact toughness of at least about 6 joules. 

[0043J A structural completion has been described that includes one or more radially expanded 
and plastically defonned expandable members; wherein one or more of the radially expanded 
and plastically deformed expandable members are fabricated from a steel alloy comprising a 
weight percentage of carbon of less than about 0.20% and a charpy V-notch impact toughness 
of at least about 6 joules. 

[0044] A method for manufacturing an expandable member used to complete a stmcture by 
radially expanding and plastically defomiing the expandable member has been described that 
Includes fbnning the expandable member from a steel alloy comprising the following ranges of 
weight percentages: C. from about 0.002 to about 0.08: Si, from about O.OOg to about 0.30; Mn, 
from about 0.10 to about 1.92; P. from about 0.004 to about 0.07; S. from about 0.0008 to about 
0.006; Ai. up to about 0.04; N, up to about 0.01 ; Cu, up to about 0.3; Cr, up to about 0.5; Ni. up 
to about 18; Nb. up to about 0.12; Ti. up to about 0.6; Co, up to about 9; and Mo, up to about 5, 
[00451 An expandable member for use in completing a stmcture by radially expanding and 
plastically deforming the expandable member has been described that includes a steel altoy 
comprising the following ranges of weight percentages: C, from about 0.002 to about 0.08; SI. 
from about 0.009 to about 0.30; Mn, from about 0.10 to about 1 .92; P. from about 0.004 to about 
0.07; S, from about 0.0008 to about 0.006; AI, up to about 0.04; N, up to about 0.01; Cu, up to 
about 0.3; Cr, up to about 0.5; Ni, up to about 18; Nb, up to about 0.12; TI, up to about 0.6; Co, 
up to about 9; and Mo, up to about 5. 

10046] A structural completion has been described thai includes one or more radially expanded 
and plastically defomned expandable members; wherein one or more of the radially expanded 
and plastically deformed expandable members are febricated from a steel alloy comprising the 
following ranges of weight percentages: C. from about 0.002 to about 0.08; Si. from about 0.009 
to about 0.30; Mn, firom about 0.10 to about 1 .92; P. from about 0.004 to about 0.07; S, from 
about 0.0008 to about 0.006; AI, up to about 0.04; N, up to about 0.01 ; Cu. up to about 0.3; Cr. 



13 



up to about 0.5; Nl, up to about 18; Nb, up to about 0.12; Ti, up to about 0.6; Co. up to about 9; 
and Mo, up to about 5. 

[0047] A method for manufacturing an expandable tubular member used to complete a strndure 
by radlany expanding and plastically defomnlng the expandable member has been described that 
includes fomiing the expandable tubular member with a ratio of the of an outside diameter of the 
expandable tubular member to a wall thickness of the expandable tubular member ranging from 
about 12 to 22. 

(0048] An expandable member for use in completing a structure by radially expanding and 
plastk;ally defomnlng the expandable nrember has been described that Includes an expandable 
tubular member with a ratio of the of an outside diameter of the expandable tubular member to a 
wall thickness of the expandable tubular member ranging from al>out 12 to 22. 
[0049] A structural completion has been described that includes one or more radially expanded 
and plastically defomned expandable members positioned within the strndure; wherein one or 
more of the radially expanded and plastically deformed expandable members are fabricated 
from an expandable tubular member with a ratio of the of an outside diameter of the expandable 
tubular member to a wall thickness of the expandable tubular member ranging from about 12 to 
22. 

[0050] A method of constmcting a stnicture has been described that includes radially expanding 
and plastically defonming an expandable memben wherein an outer portion of the wall thickness 
of the radially expanded and plastically defomried expandable member comprises tensile 
residual stresses. 

[0051] A structural completion has been described that Indudes one or more radially expanded 
and plastically defomied expandable members; wherein an outer portion of the wall thickness of 
one or more of the radially expanded and plastically defomied expandable members comprises 
tensile residual stresses. 

[0052] A method of constaiding a structure using an expandable tubular member has been 
described that indudes strain aging the expandable member, and then radially expanding and 
plastically deforming the expandable member. 

[0053] A method for manufacturing a tubular member used to complete a wellbore by radially 
expanding the tubular member at a downhole tocaXim In the wellbore has been described that 
Indudes forming a steel alloy comprising a concentration of carit>on between approximately 
0.002% and 0.08% by weight of the steel alloy. 

[0054] It is understood that variations may be rrade to the foregoing without departing from the 
spirit of the invention. For example, the teachings of the present disclosure may be used to fonm 
and/or repair a wellbore casing, a pipeline, or a structural support Furthennore, the various 
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teachings of the present disclosure may combined. In whole or in part, with various of the 
teachings of the present disclosure. 

[0028] Although illustrative emtx>diments of the invention have been shown and descrit>ed, a 
wide range of modification, changes and substitution is contemplated In the foregoing 
disclosure. In some instances, some features of the present invention may be employed without 
a corresponding use of the other features. Accordingly, it is appropriate that the appended 
claims be constmed broadly and in a n^nner consistent with the scope of the invention. 
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What is claimed is: 



1 . A method of testing a tubular member for suiteibility for radial expansion and plastic 
defonnation comprising: subjecting at least a portion of the tubular member to axial loading, 
stretching at least a portion of the tubular member through the elastic defonnation, plastic yield 
and to ultimate yield, and calculating an expandability coefficient f. 

2. The method of claim 1 . wherein subjecting the at least a portion of the tubular member to 
axial loading comprises subjecting the entire tubular member to axial loading. 

3. The method of claim 1 . wherein the step of calculating an expandability coefficient 
cx)mprises calculating the expandability coefficient using the following formula: 

t, ^A [Equation 1] 

where, 

f - expandability coefficient: 

bo & bic - initial and final tube cross-sectional area (inch^): 
Lo & Lk - Initiat and final tube length (inch): 
b = (D^-d^)/4 - cross section tube area; 
D = tube outside diameter, and 
d = tube inside diameter 

4. A method of selecting tubular members for suitability for radial expansion and plastic 
deformation comprising subjecting at least a portion of a representative sample of tubular 
members to axial loading, stretching at least a portion of the tubular members through the elastic 
deformation, plastic yield and to ultimate yield, and calculating an expandability coefficient f, arKi 
choosing such tubular members for which the sample provided a desirable coefficient of 
expandability above a value of 1. 

5. The method of claim 4, wherein subjecting the at least a portion of a representative sample 
of tubular members to axial loading comprises subjecting tiie entire length of at least one of the 
tubular members to axial loading. 
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6. The method of claim 4. wherein the step of calcutating an expandabiGty coefficient 
comprises calculating the expandability coefficient using the following fomiula: 



IniA. (Equation 1] 

Where, 

f- expandability coefficient; 

bo & bk - initial and final tube cross sectional area (inch^); 
Lo & Lk - Initial and final tube length (inch); 
b = (DW)f4 - cross section tube area; 
D tube outside diameter; and 
d = tube inside dianneter 



7. A method of selecting a tubular member for suitability for radial expansion and plastic 
defomiation comprising using an expandability coefficient determined pursuant to a stress-strain 
test using axial k>adlng In combination with one or more physical properties of the tubular 
member selected from a group of properties comprising stress-strain properties In one or more 
directional orientations of the material, Charpy V-notch Impact value In one or mm directional 
orientations of the material, stress rupture burst strength, stress rupture collapse strength, ylekJ 
strength, strain-hardening exponent (n-value). and hardness. 

8. A system for testing a tubular member for suitability for radial expansion and plastic 
deformation comprising: 

means for sut>fecting at least a portion of the tubular member to axial k>d(fing. 
means for stretching at least a portion of the tubular member through the elastic 

deformation, plastic yield and to ultimate yiekJ. and 
means for calculating an expandability coefffclent I 

9. The system of daim 8, wherein means for subjecting the at least a portion of the tubular 
member to axial toading comprises means for subjecting the entire tubular member to axial loading. 

10. The system of daim 8, wherein means for cakxjiating an expandability coeffkdent 
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comprises calculating the expandability coefficient using the following formula: 



where, 

f - expandability coefficient; 

1)0 & bic - initial and final tube cross sectional area (inch^); 
Lo & Lk - initial and final tube length (inch); 
b = (D^-d^y4 - cross section tube area; 
D = tube outside dianieten and 
d = tuK>e Inside diameter. 



11. A system for selecting tubular menibers for suitability for radial expansion and plastic 
defomnation comprising: 

means for subjecting at least a portion of a representative sample of tubular members to 
axial loading, 

means for stretching at least a portion of the tubular members through the elastic 

defomnation. plastic yield and to ultimate yield, and 
means for calculating an expandability coefficient f. and choosing such tubular members 

for which the sample provided a desirable coefficient of expandability above a 

value of 1. 



1 2. The system of daim 11 , wherein means for subjecting the at least a portion of a 
representative sample of tubular members to axial loading comprises means for sul>jecting the 
entire length of at least one of the tubular members to axial loading. 



1 3. The system of daim 1 1 , wherein means for calculating an expandability coefficient 
comprises means for calculating the expandability coeffident using the following formula: 



where. 



InA 
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f - expandability ooeffident; 

bo & bk - initial and final tube cross sectional area (inch^); 
Lo & Lie - initial and final tube length (Inch); 
b = (D^-tf y4 • cross section tube area; 
D - tube outside diameter; and 
d = tube inside diameter. 

14. A system for selecting a tubular member for suitability for radial expansion and plastic 
deformation comprising: 

means for conducting a stress-strain test on the tubular member; 
means for calculating an expandability coefficient detemrtined pursuant to the stress- 
strain test; and 

means for selecting the tubular member as a function of the expandability coefficient and 
one or more physical properties of the tubular member selected from a group of 
properties comprising stress-strain properties in one or nxjre directional 
orientations of the material, Charpy V-notch impact value in one or more 
directional orientations of the material, stress rupture burst strength, stress 
oipture collapse strength, yield strength, strain-hardening exponent (n-value), and 
hardness. 

15. The method of claim 1 , further comprising: 

selecting the tubular member for radial expansion and plastic defomnation If the 
expandability coefficient is greater than or equal to a predetermined value. 

16. The method of claim 1 5, further comprising: 

radially expanding and plastically deforming the selected tubular nnember 

17. The method of claim 4, further comprising: 

radially expanding and piastically deforming one or more of the selected tubular 
memt)ers. 

18. The method of daim 7, further comprising: 

radially expanding and plastically deforming the selected tubular members. 

19. A method of selecting tubular members for radial expansion and plastic deformation. 
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comprising: 

characterizing one or more anisotropic characteristics of the tubular members. 

20. The method of daim 1 9, wherein at least one of the anisotropic characteristics comprises a 
measurement of the plastic antsotropy for the tubular members. 

21. A system of selecting tubular members for radial expansion and plastic deformation, 
comprising: 

means for characterizing one or more anisotropic characteristics of the tubular menders; 
and 

means for radially expanding and plastically defomvlng one or more selected tubular 
members. 

22. The system of dalm 21 , wherein at least one of the anisotropic characteristics comprises a 
measurement of the plastic anisotropy for the tubular members. 

23. The system of dalm 21 , wherein the selected tubular members comprise a plastic 
anisotropy measurement equal to a predetenmlned value. 

24. A tubular member, comprising: 

a plastidty characteristic that is anisotropic. 

25. A system for radially expanding and plastically defomning a tubular member, comprising: 

means for selecting tubular members suitable for radial expansion and plastic 

defomriatlon; and 

means for radially expanding and plastically deforming the tubular member. 

26. The system of daim 25, wherein tubular members suftable for radial expansion and plastic 
deformation comprise a plasticity characteristic that is anisotropic. 

27. The method of daim 1 , further comprising: 

selecting a tubular member for radial expansion and plastic deformation as function of the 
calculated fomnabiiity coefficrent 

28. The method of daim 1 , further comprising: 
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selecting a tubular member for radial expansion and plastic defonnation as function of the 

calculated fbnmability coefficient and one or more of the following: 

stress-strain properties in one or more directional orientations, Charpy V-notch impact 
value in one or more directional orientations, stress rupture burst strength, stress 
nipture collapse strength, yield strength, strain-hardening exponent (n-value), and 
hardness. 

29. A method of selecting tubular members suitable for radial expansion and plastic 
defonmatton, comprising: 

selecting a tubular mennber for radial expansion and plastic deformation as function of 
fomiability anisotropy. 

30. A method of selecting tubular members suitable for radial expansion and plastic 
deformation, comprising: 

selecting a tubular member for radial expansion and plastic deformation as function of 
formability anisotropy and one or more of the following: 

stress-strain properties in one or more directional orientations. Charpy V-notch Impact 
value in one or more directional orientations, stress rupture burst strength, stress 
rupture collapse strengtti, yield strengtti, strain-hardening exponent (n-value), and 
hardness. 

31 . A method of radially expanding and plastically defonning tubular members, comprising: 
selecting a tubular member for radial expansion and plastic defonmation as function of the 

formability anisotropy for the tubular member, and 
radially expanding and plastically defonning ttie selected tubular member. 

32. A method of radially expanding and plastically deforming tubular members, comprising: 
selecting a tubular member for radial expansion and plastic deformation as function of tie 
fomnabHlty anisotropy for ttie tubular member and one or more of the following: 

slress^train properties In one or more directional orientations, Charpy V-notch Impact 
value in one or more directional orientations, stress mpture burst strength, stress 
rupture collapse strengtti, yield strengtti. strain-hardening exponent (n-vahie). and 
hardness; and 

radially expanding and pfasticalty deforming ttie selected tubular member 



21 



33. A system for radially expanding and plastically deforming tubular members, comprising: 
means for selecting a tubular member for radial expansion and plastic deformation as function of 

the fonnability anisotropy for the tubular member, and 

means for radially expanding and plastically deforming the selected tubular member. 

34. A system for radially expanding and plastically deforming tubular members, comprising: 
means for selecting a tubular member for radial expansion and plastic deformation as function of 
the fbnmability anisotropy for the tubular member and one or more of the following: 

stress-strain properties in one or more directional orientations. Charpy V-notch impact 
value in one or more dlrectk>nal orientations, stress oipture burst strength, stress 
mpture collapse strength, yield strength, strain-hardening exponent (n-value). and 
hardness; and 

means for radially expanding and plasticany deforming the selected tubular member. 

35. An apparatus, comprising: 

a subterranean fbrmatton defining a tx)rehole; and 

a radially expanded and plastically defonmed tubular member positioned within and 

coupled to the borehole; 
wherein at least a portion of the tubular member comprises a fonnability characteristic that is 

anisotropic. 

36. A method for manufacturing an expandable member used to complete a stnjclure by 
radially expanding and plastically deforming the expandable member comprising: 

fonning the expandable member from a steel alloy comprising a charpy energy of at least 
about 90 ft-lbs. 

37. An expandable member for use in completing a structure by radially expanding and 
plastically defomrnng the expandable member, comprising: 

a steel aRoy comprising a charpy energy of at least about 90 fl-lbs. 

38. A stmctural completion positioned within a structure, comprising; 

one or more radially expanded and plastically defonmed expandable members positioned 
within the structure; 
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wherein one or more of the radially expanded and plastically defonned expandable 

members are fabricated from a steel alloy oomprisfng a charpy energy of at least 
about 90ft-lbs. 

39. A method for manufacturing an expandable member used to complete a structiro by 
radially expanding and plastically deforming the expandable member, comprising: 

forming the expandable member from a steel alloy comprising a weight percentage of 
carbon of less than about 0.08%. 

40. An expandable member for use in completing a wellbore by radially expanding and 
plastically defomning the expandable member at a downhole location in the wellbore, comprising: 

a steel alloy comprising a weight percentage of carbon of less than about 0.08%. 

41 . A structural completion, comprising: 

one or more radially expanded and plastically deformed expandable members positioned 
within the wellbore; 

wherein one or more of the radially expanded and plastically deformed expandable 
members are fabricated from a steel alloy comprising a weight percentage of 
caribon of less than about 0.08%. 

42. A method for manufacturing an expandable member used to complete a structure by 
radially expanding and plastically defonning the expandable member, comprising: 

fonming the expandable member from a steel allc^ comprising a weight percentage of 
carbon of less than about 0.20% and a charpy V-notch impact toughness of at 
least about 6 joules. 

43. An expandable member for use in completing a stmcture by radially expanding and 
plasticalty defonning the expandable member, comprising: 

a steel alloy comprising a weight percentage of carbon of less than about 0.20% and a 
charpy V-notch impact toughness of at least about 6 joules. 

44. A structural completion, comprising: 

one or more radially expanded and plasticaity defonned expandable members; 
wherein one or more of the radially expanded and plastically defonned expandable 
members are fabricated from a steel alloy comprising a weight percentage of 
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cartx)n of less than about 0.20% and a charpy V-notch Impact toughness of at 
least al)out 6 joules. 

45. A method for manufacturing an expandable member used to complete a structure by 
radially expanding and plastically defomiing the expandable member, comprising: 

forming the expandable member fixjm a steel alloy comprising the following ranges of 
weight percentages: 
C, from about 0.002 to about 0.08; 
Si. from about 0.009 to about 0.30; 
Mn. fn>m about 0.10 to about 1.92; 
P. from about 0,004 to about 0.07; 
S, from about 0.0008 to about 0.006; 
Al, up to about 0.04; 
N, up to about 0.01; 
Cu, up to about 0.3; 
Cr. up to about 0.5; 
Ni, up to about 18; 
Nb» up to about 0.12; 
Ti, up to about 0,6; 
Co, up to about 9; and 
Mo, up to about 5. 

46. An expandable member for use in completing a structure by radially expanding and 
plastically deforming the expandable member, comprising: 

a steel alloy comprising the following ranges of weight percentages: 
C, from about 0.002 to about 0.08; 
Si, from about 0.009 to about 0.30; 
Mn, from about 0.10 to about 1.92; 
P, from about 0.004 to about 0.07; 
S, from about 0.0008 to about 0.006; 
Al» up to about 0.04; 

up to about 0.01; 
Cu. up to about 0.3; 
Cr, up to about 0.5; 
Ni, up to about 18; 
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Nb, up to about 0.12; 
Tt. up to about 0.6; 
Co, up to about 9; and 
Mo, up to about 5. 



47. A structural completion, connprising: 

one or more radially expanded and plastically deformed expandable members; 
wherein one or more of the radially expanded and plastically deformed expandable 

members are fobricated from a steel alloy comprising the following ranges of 

weight percentages: 

C, from about 0.002 to about 0.08; 

Si. from about 0.009 to about 0.30; 

Mn. from about 0.10 to about 1.92; 

P. from about 0,004 to about 0.07; 

S, from about 0.0008 to about 0.006; 

Al, up to about 0.04; 

N. up to about 0.01; 

Cu, up to about 0.3; 

Cr, up to about 0.5; 

Ni, up to about 18; 

Nb, up to about 0.12; 

Ti, up to about 0.6; 

Co. up to about 9; and 

Mo, up to about 5. 



48. A method for manufacturing an expandable tubular member used to complete a structure 
by radially expanding and plastically defomning the expandable member, comprising: 

forming the expandable tubular member with a ratio of the of an outside diameter of the 
expandable tubular member to a wall thickness of the expandable tubular 
member ranging from about 12 to 22. 

49. An expandable member for use in completing a structure by radially expanding and 
plastically deforming the expandable memt>er. comprising: 
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an expandable tubular member with a ratio of the of an outside diameter of the 
expandable tubular member lo a wall thickness of the expandable tubular 
member ranging from about 12 to 22. 

50. A structural completion, comprising: 

one or more radially expanded and plastically defomied expandable members positioned 
within the structure; 

wherein one or more of the radially expanded and plastically deformed expandable 

members are fabricated from an expandable tubular member with a ratio of the of 
an outside diameter of the expandable tubular member to a wall thickness of the 
expandable tubular nriember ranging from about 12 to 22. 

51 . A method of constaicting a structure, comprising: 

radially expanding and plastically deforming an expandable nr)ember; 
wherein an outer portion of the wall thickness of the radially expanded and plastk:aHy 
deformed expandable member comprises tensile residual stresses. 

52. A structural completion, comprising: 

one or more radially expanded and plastically deformed expandable members; 
wherein an outer portion of the wall thickness of one or more of the radially expanded 

and plastically defbmied expandable members comprises tensile residual 

stresses. 

53. A method of constructing a structure using an expandable tubular member, comprising: 
strain aging the expandable member; and 

ttien radially expanding and plastically deforming the expandable member. 

54. A metiiod for manufacturing a tubular member used to complete a wellbore by radially 
expanding the tubular noember at a downhole tocation in the wellbore comprising: forming a steel 
alloy comprising a concentration of carbon between approximately 0.002% and 0.08% by weight 
of the steel alk>y. 

55. The method of claim 54, further comprising forming the steel alloy wittn a concentiation of 
niobium comprising between approximately 0.015% and 0.12% by weight of the steel aDoy. 
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56. The method of claim 54, further comprising: forming the steel alloy with low 
cofHrentrations of nioMum and titaniunn and limiting the total concentration of niobium and 
titanium to less than approximately 0.6% by weight of the steel alloy. 

57. An expandable tubular member fabricated from a steel alloy having a concentration of 
cart)on between approximately 0.002% and 0.08% by weight of the steel alloy. 

58. A method for manufacturing an expandable tubular member used to complete a wellbore 
completion within a wellbore ttiat traverses a subtenanean fomrmtion by radially expanding and 
plastically deforming the expandable tubular member within the wellbore, comprising: 

fonning the expandable tubular member from a steel alloy comprising a charpy energy of 

at least about 90 ft>1bs; 
fonning the expandable member fn^m a steel alloy comprising a charpy V-notch impact 

toughness of at least about 6 joules; 
fonning the expandable member from a steel alloy comprising the following ranges of 

weight percentages: 

C. from about 0.002 to about 0.08; 

Si, from about 0.009 to about 0.30; 

Mn, from about 0.10 to about 1 .92; 

P, from about 0.004 to about 0.07; 

S, from about 0.0008 to about 0.006; 

Al. up to about 0.04; 

N, up to about 0.01; 

Cu, up to about 0.3; 

Cr, up to about 0.5; 

Ni, up to atx>ut 18; 

Nb, up to about 0.12; 

Ti, up to about 0.6; 

Co. up to about 9; and 

Mo, up to about 5; 

forming the expandable tubular member with a ratio of the of an outside diameter of the 
expandable tubular member to a wall thickness of the expandable tubular 
memt>er ranging from about 1 2 to 22; and 

strain aging the expandable tubular member prior to the radial expansion and plastic 
defomnation of the expandable tubular member within the wellbore. 
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59. An expandable tubular member for use in completing a wellbore completion within a 
wellbore that traverses a subterranean formation by radially expanding and plastically deforming 
the expandable tubular member within the wellbore, comprising: 

a steel alloy having a charpy energy of at least about 90 ft-lbs: 

a steel alloy having a charpy V-notch impact toughness of at least about 6 joules; and 

a steel alloy comprising the following ranges of weight percentages: 

C, from about 0.002 1o about 0.08; 

Si. from about 0.009 to about 0.30; 

Mn. from about 0.10 to about 1.92; 

P» from about 0.004 to about 0.07; 

S, from about 0.0008 to about 0.006; 

Al, up to about 0.04; 

N, up to about 0.01; 

Cu, up to about 0.3; 

Cr, up to about 0.5; 

Ni, up to about 18; 

Nb, up to about 0.12; 

Ti, up to about 0.6; 

Co, up to atx)ut 9; and 

Mo, up to about 5; 

wherein a ratio of the of an outside diameter of the expandable tubular member to a wall 
thickness of the expandable tubular member ranging from about 12 to 22; and 

wherein the expandable tubular member is strain aged prior to the radial expansion and 
plastic defonmation of the expandable tubular member within the wellbore. 

60. A wellbore completion positioned within a wellbore that traverses a subterranean 
fomnation, comprising: 

one or more radially expanded and plasticayy deformed expandable tubular members 

positioned within the wellbore completion; 
wherein one or more of the radially expanded and plastically defonmed exparKiat)le 

tubular members are fabricated from: 

a steel alloy comprising a charpy energy of at least about 90 ft-lbs; 
a steel alloy comprising a charpy V-notch impact toughness of at least about 6 
joules; and 
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a steel alloy comprising the following ranges of weight percentages: 
C, from atx)ut 0.002 to about 0.08; 
Si, from at>out 0.009 to about 0.30; 
Mn, from about 0.10 to about 1.92; 
P. from about 0.004 to about 0.07; 
S, from about 0.0008 to about 0.006; 
At. up to about 0.04; 
N. up to about 0.01; 
Cu, up to about 0.3; 
Cr. up to about 0.5; 
Nl, up to about 18; 
Nb, up to about 0.12; 
Ti, up to about 0.6; 
Co, up to about 9; and 
Mo, up to about 5; 

wherein at least one of the expandable members comprises a ratio of the of an outside 

diameter of the expandable member to a wall thldmess of the expandable 

member ranging from about 12 to 22; 
wherein an outer portion of the wall thiclcness of at least one of the radially expanded and 

plastically defomied expandable comprises tensile residual stresses; and 
wherein at least one of the expandable tubular member is strain aged prior to the radial 

expansion and plastic deformation of the expandable tubular member within the 

wellbore. 
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